Objective: To describe the association between isoniazid preventive therapy (IPT) and mortality among individuals starting antiretroviral therapy (ART) in a workplace programme in South Africa where tuberculosis (TB) incidence is very high.
Introduction
Antiretroviral therapy (ART) is increasingly available in developing countries, delivered through a diverse range of programmes. Although reported outcomes of such programmes are encouraging, early mortality is high despite effective antiretroviral regimens [1] , especially in the first 12 months of treatment [2] . Tuberculosis (TB) was the most important cause of morbidity and mortality among HIV-infected adults in developing countries in the pre-ARTera [3, 4] . Although ART reduces the risk of TB substantially [5] [6] [7] , TB remains the most common cause of morbidity and mortality in patients on ART [8] [9] [10] [11] .
Isoniazid preventive therapy (IPT) reduces the risk of active TB by approximately 33% overall and by approximately 64% among those with a positive tuberculin skin test (TST) [12, 13] . IPT was also effective in preventing TB when implemented routinely in an HIV care programme for gold miners in South Africa prior to ART availability [14] . Despite WHO guidelines recommending IPT as part of routine HIV care [15] , there has been little IPT implementation at country level [16] . South African HIV treatment guidelines have previously not recommended IPT for individuals taking ART.
In a large workplace HIV programme in South Africa, where both the prevalence of latent TB and the incidence of active TB are very high (exceeding 4000 per 100 000 in 2002) [17, 18] , IPT has been part of HIV care since its inception in 1999 and is recommended whether or not individuals are also taking ART. In this setting, we evaluated the effect of IPT, given either prior to or concurrent with the start of ART, on early mortality following ART initiation.
Methods

Study design and population
We carried out an observational cohort analysis using prospectively collected data among individuals enrolled in a workplace ART programme in a group of industrial companies with operations primarily in South Africa. The design of the ART programme has been described elsewhere [19] . HIV disease management is based on guidelines developed in accordance with local and international best practice. During the time period of this analysis, employees were eligible for ART if they had a CD4 cell count below 250 cells/ml; were in WHO clinical stage 4 regardless of CD4 cell count; or were in WHO stage 3 with a CD4 cell count below 350 cells/ml. The preferred first-line regimen was zidovudine and lamivudine (combined as Combivir) and efavirenz (with stavudine substituted for zidovudine for individuals with anaemia) until December 2007, and replaced by tenofovir and emtricitabine (combined as Truvada) and efavirenz from January 2008.
According to programme guidelines, IPT (isoniazid 300 mg daily for 6 months) is recommended for individuals with no evidence of active TB and no prior history of TB. Screening for active TB is done using symptom screening and chest radiography: sputum is sent for microscopy and culture from TB suspects. TST is not part of the eligibility criteria for IPT in this programme. Cotrimoxazole (960 mg daily) is recommended for individuals with a CD4 cell count below 250 cells/ml. All employees (regardless of HIV status) receive annual evaluation for TB disease through a workplace TB control programme based on radiological screening. All employees diagnosed with TB receive short-course directly observed treatment using a rifampicin-based four-drug regimen.
In this analysis, we included all ART-naive adults starting ART in this HIV care programme from January 2004 to December 2007. Participants were followed until the earliest of death, leaving employment, or the end of the period of this analysis (12 months after ART start). We excluded individuals who were presumed to be on TB treatment at the start of ART (started TB treatment <6 months prior to ART start). In settings of high TB prevalence, the effect of IPT is thought to wane after 12 months [20] ; thus, we excluded from the analysis individuals who started IPT greater than 12 months before starting ART. As the risk of death changes rapidly after ART start, in order to have a more homogeneous IPT group, we excluded from the analysis individuals who started IPT more than 3 months after starting ART.
Data collection
Information on ART and all preventive therapies given was recorded routinely as part of the HIV disease management programme. Details of past medical history were collected at the first clinic visit. HIV clinical disease stage was derived from history and physical examination done by the physician at the first visit to the clinic. The baseline CD4 cell count and viral load values were those closest to the ART treatment start date, within a window of 6 months before or within 5 days after ART initiation. Virological response on treatment was determined using a viral load done closest to the 6-week time-point (between 30 and 120 days) after starting ART. For the purpose of this analysis, a satisfactory response was defined as a 1-log drop in viral load at 6 weeks. The information on TB symptoms is collected routinely at every clinic visit on standardized clinic forms that required yes/no answers for the following symptoms: cough, night sweats, sputum production, fever, and weight loss.
Ascertainment of outcome
All deaths among individuals enrolled in the ART programme are reported using standardized forms to the monitoring team by the clinic physicians. Human resource data were used as an additional source of information concerning deaths in employment and reasons for leaving employment. To allow for the possibility of deaths among individuals who left employment due to ill-health, a secondary analysis was conducted using a combined mortality outcome defined as 'death or termination from work on medical grounds'.
Laboratory methods
CD4 lymphocyte counts were measured by flow cytometry (FACSCount; BD Diagnostics, Franklin Lakes, New Jersey, USA). HIV RNA quantification was carried out using the branched-DNA HIV-1 RNA 3.0 assay (Bayer Versant, New York, USA) according to S6 AIDS 2010, Vol 24 (suppl 5) the manufacturers' instructions. For a small portion of patients (25) , HIV RNA quantitation was run on Roche COBAS Ampliprep/COBAS Taqman HIV-1 test version 2.0 (Roche, Nutley, New Jersey, USA).
Statistical methods
Baseline characteristics of individuals who started and did not start IPT were compared using the x 2 test or Wilcoxon rank-sum test, as appropriate. Individuals were followed from date of ART initiation until the earliest of death, leaving employment, or the end of the analysis period (12 months from ART initiation). Kaplan-Meier methods were used to illustrate the association between IPT and time to death. Cox proportional hazard regression was used to investigate the effect of IPT on the risk of death following initiation of ART. Factors that showed a strong confounding effect (based on an important change in the hazard ratio for association of IPT with mortality) were considered for the full adjusted analysis. In the multivariable analysis, we started by adjusting for the strongest confounder based on the previous analysis and included other variables one at a time. These were retained in the model if the hazard ratio for IPT changed. We used a rule of thumb of including a variable if the hazard ratio changed by more than 10%. Age was included in the model a priori. Unadjusted and adjusted hazard ratios and 95% confidence intervals (CIs) are reported and the likelihood ratio test used to assess whether use of IPT was associated with mortality. In addition, as an indicator of early response to ART, change in HIV viral load at 6 weeks was included in the model.
As this was not a comparison of randomized groups, a number of sensitivity analyses were conducted to explore issues that might cause bias and to take into account informative censoring that may have arisen because of individuals leaving the workforce due to medical reasons. These sensitivity analyses were conducted as follows: restricted to individuals with no previous history of TB, as IPT was only indicated for these individuals in the programme guidelines; restricted to individuals without any symptoms suggesting TB (cough, night sweats, weight loss, fever, sputum production, regardless of duration, thus a more sensitive definition than is generally used to define a TB suspect) within the period 30 days before to 15 days after ART initiation, to allow for the possibility that individuals who were symptomatic were less likely to start IPTand may have had a higher mortality rate; classifying individuals who left employment on medical grounds as deaths; and combination of two above, restricted to individuals with no previous history of TB and no TB symptoms at initiation. To assess whether the effect of IPT on mortality was modified by baseline CD4 cell count, we modelled an interaction between IPT and baseline CD4 cell count strata. We also assessed for interaction between IPT and time period following ART (<3 months, >3 months).
Ethical considerations
The analysis was approved by the Research Ethics Committees of University of KwaZulu Natal, South Africa, and the London School of Hygiene and Tropical Medicine.
Results
In total, 3752 ART-naive individuals started ART between 1 January 2004 and 31 December 2007. Two hundred thirteen individuals were excluded due to starting IPT later than 3 months after ART start, and 14 who started IPT greater than 12 months prior to ART. Two hundred fifty-five individuals were on TB treatment at the start of ART and were excluded. Nine hundred and twenty-two (28%) individuals started IPT either before or during the first 3 months of starting ART, the vast majority (n ¼ 882, 96%) within 0-7 days of starting ART. Two hundred thirty-four individuals (7.2%) had previously been treated for TB prior to starting ART. A total of 1338 (40.9%) individuals started cotrimoxazole either before starting ART (94% within a month of starting ART) or during the follow-up time on ART. Baseline and 6-week viral load results were available for 1986 individuals (60.6%), of whom 1648 (83%) achieved a greater than 1 log 10 reduction in HIV RNA by 6 weeks.
Baseline characteristics among those who started vs. who did not start IPT are compared in Table 1 (Table 2 ). In the adjusted model, IPT use remained strongly associated with decreased mortality (adjusted hazard ratio: 0.50, 95% CI 0.32-0.80). Adding cotrimoxazole use, baseline haemoglobin and baseline viral load to the model did not change the hazard ratio substantially. As an indicator of early response to ART, change in viral load at 6 weeks was included in a model restricted to individuals with available data, who, therefore, survived at least this long (Table 2) ; however, there was no evidence that this caused confounding in the association between IPTand mortality. All factors met the proportional hazard assumption (P > 0.1). Other risk factors for mortality that remained in the adjusted model were older age group (P trend < 0.001), lower baseline CD4 cell count (P trend < 0.001), earlier year of ART start (P trend ¼ 0.001), and company (P ¼ 0.30). We graphically illustrate the association between IPT and mortality using a Kaplan-Meier survival curve (Fig. 1) .
To assess whether the association between IPT and mortality differed by time period after starting ART, we S8 AIDS 2010, Vol 24 (suppl 5) Table 1 . Baseline characteristics of individuals starting antiretroviral therapy, comparing those who did with those who did not receive isoniazid preventive therapy (n U 3270). Table 3 ). Similarly, we tested for effect modification with cotrimoxazole. When stratifying by whether patients were also on cotrimoxazole, those on IPT continued to have lower mortality rates than those not on IPT, both among individuals taking cotrimoxazole [hazard ratio 0.27 (0.11-0.56)] and not taking cotrimoxazole [hazard ratio 0.33 (0.21-0.51); P value for interaction, P ¼ 0.68]. Table 4 shows the association between IPT and mortality in sensitivity analyses. When analysis was restricted to IPT and mortality on ART Charalambous et al. S9 only those who did not have previous TB (n ¼ 3036), the adjusted hazard ratio was 0.52 (95% CI 0.32-0.82). When restricted to those who had data available regarding symptoms at baseline, and had no symptoms suggesting TB (n ¼ 1923), the adjusted hazard ratio for the association of IPT and mortality was 0.48 (95% CI 0.24-0.96). Using a combined mortality end-point that classified individuals who left employment on medical grounds (n ¼ 99) as deaths, the adjusted hazard ratio for the association of IPT and mortality was 0.72 (95% CI 0.47-1.10). We also looked at the association of IPTwith mortality, restricted to those who had no previous TB and also no symptoms suggesting TB with the period of ART initiation (N ¼ 1795); the adjusted hazard ratio for the association of IPT and mortality was 0.44 (95% CI 0.22-0.89).
Baseline characteristic
To assess whether the association between IPT and mortality differed by CD4 cell count strata, we assessed for an interaction between IPT use and CD4 cell count. The data were consistent with no interaction (unadjusted analysis P ¼ 0.84 and adjusted analysis P ¼ 0.81). The effect of IPTuse on mortality, stratified by CD4 cell group at ART initiation was as follows: CD4 cell count less than 50 cells/ml, hazard ratio 0.80 (95% CI 0.36-1.78); CD4 cell count 50-100 cells/ml, hazard ratio 0.48 (95% CI 0.19-1.19); CD4 cell count 101-200 cells/ml, hazard ratio 0.48 (95% CI 0.22-1.07), and CD4 cell count more than 200 cells/ml, hazard ratio 0.45 (95% CI 0.15-1.33; Table 3 ).
Discussion
In this observational cohort study, we found approximately a halving of the risk of mortality among people starting ART who were also given IPT. This association persisted after controlling for confounders and in sensitivity analyses exploring possible sources of bias. This is a major reduction in mortality among individuals whose risk of death is very high, with potential for a substantial public health impact. Clinical trials of IPT from the pre-ART era found a smaller reduction in mortality among people with HIV given IPT (relative risk 0.74, 0.55-1.00) [13] . However, an effect of this magnitude is plausible among individuals starting ART in a setting of high TB incidence, given that TB is the most important cause of death among these individuals, and the incidence of TB during the first few months of ART is very high [21, 22] .
Although there is strong evidence from the pre-ART era that IPT reduces TB incidence in HIV-infected individuals [12, 13, 23] , there are far fewer data concerning the use of IPT in combination with ART. Observational cohort studies in Brazil and South Africa showed an effect of IPT in addition to ART in reducing TB incidence S10 AIDS 2010, Vol 24 (suppl 5) Fig. 1 . Kaplan-Meier curve comparing survival among those who started or did not start isoniazid preventive therapy. IPT, isoniazid preventive therapy. Table 3 . Interaction between CD4 cell count and isoniazid preventive therapy use on mortality (n U 2540).
IPT use
No [ [24] [25] [26] , although in the South African study most patients were given IPT a median of 1 year prior to ART [25] . Neither study assessed the effect of IPTon mortality.
In ART care programmes, IPT is delivered as part of a package of care, and screening to identify active TB both prior to and during IPT is an essential component. This screening may contribute to a reduction in TB casefatality, an issue that is discussed in more detail in the accompanying Opinion piece.
Very few data are available concerning outcomes when IPTand ART are used concurrently, probably because the implementation of IPT has been so limited [27] . We restricted this analysis to individuals who started IPT relatively close to the ART start date in order that the exposure of interest (IPT at the time of ART start) was more homogeneous. Given that our HIV care programme guidelines promote early use of IPT as part of pre-ART care, it was a little surprising to us that the great majority of individuals started IPT within 1 week of starting ART [and thus this restriction resulted in few (227/3752) exclusions]. There are concerns that IPT should not be given to individuals starting ART on the basis that it is difficult to reliably exclude active TB when the prevalence of undiagnosed TB is so high [7] . Our data suggest that such theoretical concerns should be weighed against a potentially large reduction in mortality if IPT is initiated with ART. Randomized trials currently in progress investigating the effect of adding IPT to ART may help resolve this issue.
Although isoniazid (INH) was recommended by the programme for all patients with no previous TB, INH was not always prescribed in all eligible patients. We believe that the most important reason for inconsistent implementation is variability in clinician willingness to use IPT. Low uptake of IPT is acknowledged in many settings, mainly thought to be due to operational problems relating to feasibility of tuberculin testing, as well as concerns about the development of isoniazid drug resistance [28] . We recently conducted a study investigating barriers to IPT use, presented in this same supplement, showing that barriers to use of IPT were predominantly derived from clinic staff, in particular prescribing physicians who often lacked sufficient knowledge and familiarity with the use of INH [29] . It seems to be that certain physicians are more likely than others to prescribe INH mainly based on their own experience. We believe that this is the most likely explanation for why some patients received IPT and others did not.
Strengths of our analysis include the large number of individuals included and the relatively complete ascertainment of deaths via human resources records and follow-up of defaulters. Limitations include lack of data on the effect of IPT on TB incidence due to absence of electronic TB clinic records and no information on adherence to IPT, although we believe that the adherence in this programme may have been better than previously experienced due to the strong emphasis on adherence as this was offered as a 'package' with ART.
An important limitation of this study is that it was not a randomized clinical trial and so we cannot exclude systematic differences between individuals who received IPT and those who did not. The analysis of baseline factors does indicate that the patients not given IPT may have been more unwell. Our analyses controlled for all well recognized potential confounding factors, and the sensitivity analyses explored potential issues, which could result in healthier individuals receiving IPT and hence experiencing lower mortality, yet in all analyses the association between IPT and lower mortality was of similar magnitude. However, we cannot exclude that there may have been confounders that we did not control for. In addition, there were missing data for some variables such as viral load and haemoglobin at baseline, again making it harder to exclude residual confounding.
Another limitation was that we were not able to report cause of death for these patients; however, TB is an important cause of death in patients on ART, although it is often underreported [11] and is well documented to be an important cause of death in miners who have HIV infection [30] . In addition, we have documented IPT and mortality on ART Charalambous et al. S11 Table 4 . Sensitivity analyses for associations between isoniazid preventive therapy and mortality using various scenarios. high TB incidence among employees with HIV in the largest of the sites in this study [31] .
Data from large cohorts of patients in treatment programmes can be complementary to those from randomized trials; specifically, this analysis may give insights into the effect of the 'package' of IPT along with more intensive TB case finding, which was not measured by clinical trials of IPT. In ART care programmes, IPT is delivered as part of a 'package' of care, and screening to identify active TB both prior to and during IPT is an essential component. However, in randomized controlled trials of IPT, the intensive screening component was implemented in both arms [32] [33] [34] , and thus only the IPT component was tested. We hypothesize that individually randomized controlled trials may have underestimated the impact of an IPT programme on TB case-fatality (see Opinion piece).
The risk of death after starting ARTremains high until the CD4 cell count increases [22] . Additional interventions are, therefore, urgently needed to reduce the risk of death among ART initiators. These data from our treatment cohort suggest that individuals starting ART may have a substantial reduction in mortality if IPT is given concurrently and add to accumulating evidence concerning the additional value of IPT along with ART [25, 26] . Although the results of randomized trials of IPT with ART are awaited [35, 36] , our data support the routine use of IPT in HIV care programmes in line with WHO recommendations.
